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ABSTRACT

Alkanna orientalis was surveyed from four wadi systems (El-Arbaein, El-Tofaha, El-Dir and
Abu Seila), and two open flat sites (beginning of wadi El-Sheikh and El-Rasis) in the St.
Katherine Protectorate to look at the variation within and among individuals in these sites using
total seed storage proteins. A total of 55 clearly distinguishable polymorphic bands were
observed from 78 individual plants collected from these six sites. Some bands were found to be
common to all subpopulations, but each subpopulation was characterized by its own band(s).
Shannon’s diversity index was calculated for each subpopulation showing that subpopulations
contain different levels of diversity with an overall average of Hy = 2.97. The level of variation
was very low within populations as compared with the very high difference detected among
them. The six subpopulations were found to contain different levels of protein diversity (as
measured by Shannon’s index of diversity): wadi El-Tofaha, Abu Seila, El-Arbaein and EI-Dir
contained the lowest diversity, while El-Rasis and El-Sheikh subpopulations contained the
greatest diversity. Geographically, the first four sites are closed wadi systems (narrow wadi beds
bounded by high mountains) and hence probably having very restricted gene flow with each
other, while the last two sites (El-Rasis and El-Sheikh) are open flat areas expected to be
subjected to occasional gene flow via seed transport from the other four wadis.
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INTRODUCATION

Alkanna orientalis (Boraginaceae) is a viscous, glandular-hairy, yellowish green, short-
lived perennial that grows to 1 m in diameter in sandy and rocky wadies: it only occurs in
the St Katherine Protectorate within Egyptian ecosystems. The world distribution of A.
orientalis stretches from Algeria to southern Greece, Turkey, Syria, Palestine and Sinai
(Boulos 2000), but only at high elevations: it occurs at about 1500 m and above in the
Sinai mountains. Subpopulations are fairly large, from around 50 plants in wadi El-Tofaha
to several hundreds in the other subpopulations (Gilbert et al. 1996). A. orientalis has been
studied as one of the medically important plants grown in Sinai: pyrrolizidine alkaloids
were detected using GLC and GLC- MS (Hammouda et al. 1992; Roeder et al. 1992; El-
Shazly et al. 1998).

Previous studies by Willmer et al. (1994) and Gilbert et al. (1996) have provided a
detailed background of morphological variation between subpopulations of A. orientalis at
St. Katherine. Wolff et al. (1997) studied the plants using RAPDs (Randomly Amplified
Polymorphic DNA); the data showed that there were genetic differences among all
subpopulations, with wadi El-Dir being the most genetically different from the other
subpopulations of El-Arbaein, El-Tofaha and El-Rasis. Their results suggest that most gene
dispersal is between wadies El-Tofaha and El-Arbaein subpopulations and the plain (EI-
Rasis) subpopulation.

The work of Willmer et al. (1994) and Gilbert et al. (1996) explored the possibility
that morphological variation in the Alkanna population is determined by the activity of the
main plant pollinator (Anthophora pauperata), which can potentially transfer pollen grains
between subpopulations. However, the data of Wolff et al. (1997) showed that floods may
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play the main role in gene flow between subpopulations by moving the seeds between
sites. This work aims to add more information about the genetic diversity of A. orientalis
subpopulations in the area by adding more sites within the protectorate and using different
genetic markers (protein). This is recommended when studying genetic diversity of
populations and species, and especially when exploring relationships among populations
(Nieto-Lopez et al. 2003; Karihaloo et al. 2002).

MATERIALS AND METHODS

Plants were collected in 2003 from Alkanna orientalis growing in St. Katherine from four
wadis (El-Arbaein, El-Dir, El-Tofaha and Abu Seila) and two open plains (an open flat
area of wadi El-Sheikh near the town of St Katherine, and El-Rasis). All study sites occur
within 10 km of the town of St Katherine (see Figure 1). The area of study is described in
detail in Wolff et al. (1997), but extra sites are included here: Abu Seila, a narrow small
wadi behind the plain of El-Raha opposite the mouth of wadi El-Dir; and wadi El-Sheikh,
which starts from the mouth of El-Dir and El-Raha plain and continues towards the west to
the Gulf of Suez - this wadi drains the water from all the studied wadis, hence its
importance in this study.

Dry seeds were taken from randomly collected plants during late April and early
May (the end of the season, before seed dispersal). The number of plants analyzed were 18
from wadi El-Arbaein, 14 from wadi El-Dir, 18 from El-Tofaha, 9 from Abu Seila, 8 from
El-Rasis and 10 from Wadi El-Sheikh.

Half gram of Alkanna seeds was ground to a fine powder and then mixed with 1.5
ml extraction buffer (10 g sucrose, 5 ml 2-mercaptoethanol, 2 g SDS and 2.422 g Trizma
base, pH adjusted to 8.5 and made up to 100ml with distilled water), vortexed and left
overnight at 4°C. It was then centrifuged at 5000 rpm for 20 min. and the supernatent
transferred to a fresh tube. Aliquots of the supernatant were analyzed by slab gel
electrophoresis (Laemmli 1970) using 12% polyacrylamide gels. A wide range of standard
proteins of known molecular weights (20.6, 28.9, 34, 49.7, 80, 124, 209 KDa) were run on
a corresponding gel and used for characterization and determination of molecular mass of
Alkanna polypeptides. The protein of each individual plant was extracted separately and
applied to the electrophoresis unit in a separate lane; the experiment was repeated twice for
all individuals in all localities, and a consistent protein pattern (molecular weight and
concentration) was found for all individual plants.

Following electrophoresis the gel was stained with a solution containing 0.002%
Commassie Blue-R, and then de-stained with a mixture of glacial acetic acid, methanol and
water. Once the position and matches of fingerprint bands had been scored, the data were
ready for scanning using a LKB Recording Laser Densitometer equipped with LKB
Recording Integrator.

The data matrix was built based on the presence/absence of bands, and used to
construct a neighbour-joining (NJ) tree of individuals using Euclidean distances computed
between all pairs of individuals. Shannon’s index of diversity was calculated from the
frequencies of the protein bands within each subpopulation and also overall subpopulations
(King & Schaal 1989), to obtain estimates of the within-subpopulations genetic diversity
(H;) and total diversity in the population (H;). The equation used was: H = -)_ p; logup;,
where p; is the frequency of a band. A one-way ANOVA was used to test for differences
among sites using SPSS version 11.0. A dendogram of the relationships among individuals
was constructed using the UPGMA method on the matrix of Euclidean distances.

28



El-Akkad & Ali: Alkanna orientalis and seed protein pattern

£33.933333 £33 966667
Wadi Gharaba

“.., EI Sheikh Awad N28 633333

L3

Wadi El Tala'a
**.., El Kabeira
NZ28.600000

Abu Seila

El Raha plain W. Sheikh

N28 566667

h\Sl. Kathenne Monaslery

Environmental Researc

Tofaha

.

W. Arbaein  |Gebel Mysa -

e
Zawaleen N28 533333

o Ahmar _,,...

‘ Gebel Kalherina

Figure 1: Map of the St Katherine town showing the study sites (names within square boxes) where Alkanna
orientalis individuals were sampled.

RESULTS

Using SDS-PAGE, the seed storage protein from 78 individuals of Alkanna orientalis gave
a total of 55 separate polymorphic bands. These bands were distributed along the gel with
molecular weights ranging from 137 to 6 KDa. A considerable amount of genetic variation
within and between subpopulations was evident in both the number of bands and their
molecular weights. The number of bands obtained from plants of each location ranged
from 19-39 bands depending on the site of collection. Individuals from wadi El-Sheikh
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were found to have the highest number of bands (39 bands), whereas wadi El-Arbaein
subpopulation possessed lowest number of bands (19 bands).

The data matrix based on protein pattern (Figure 2) shows that there are some
bands in common among all subpopulations, with molecular weights of 15, 28 and 49
KDa. It was observed also that each subpopulation was characterized from the rest by the
presence or absence of one or more bands. Wadi El-Tofaha has unique bands (at 5, 30, 44,
67 and 77 KDa) which characterized its individuals from all others. El-Tofaha lacks two
bands (22 and 45 KD) which are found in all other subpopulations. Wadi El-Sheikh was
characterized and separated from the other subpopulations by the presence of bands with
molecular weights 48,100, 118 and 163 KDa. Abu Seila, El-Dir and El-Arbaein were
characterized also by bands of molecular weights 68, 10 and 91 KDa respectively. El-Rasis
had no characteristic bands.

El-Arbaein El-Arbaein

El-Dir El-Dir

Figure 2: Protein pattern of
subpopulations of Alkanna
orientalis collected from
different wadi systems in
the St Katherine
Protectorate. Each lane
presents an individual plant. El-Tofaha _
There are standard markers Abu Seila
either on the right or left
side of each gel, with
molecular weights (from top
to bottom) of 209,124, 80,
49.7, 34, 28.9, 20.6 KDa.
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Shannon’s diversity index was calculated overall for each subpopulation in turn (H;
for El-Arbaein = 1.33, El-Dir = 2.83, El-Tofaha = 0.391, Abu Seila = 1.2, El-Rasis = 8.6,
El-Sheikh = 3.45), showing that subpopulations contain different levels of diversity with an
overall average of Hy = 2.97. Shannon’s diversity index for the total population was
estimated to be H; = 25.07, and the proportion of total diversity distributed within
populations (Hy H; = 0.12) was found to be smaller than that present among
subpopulations [( Hi- Hs)/ H; = 0.88].

Diversities for individual plants were used to find out if there are any differences
among the subpopulations of Alkanna orientalis in the six sites, using a one-way Anova.
This showed highly significant differences among sites (Fs7, = 25.3, P<0.0001), as shown
in Figure 3. Wadi El-Sheikh is different from other wadis with a higher individual
diversity, whilst wadi El-Arbaein has a very low individual diversity.
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Figure 3: The difference in the mean individual diversity of bands based on the protein pattern data among
the six sites, showing the highly significant differences among Alkanna orientalis subpopulations in different
sites

To depict the relationships among individuals based on their protein profile, a
neighbour-joining (NJ) tree was constructed from the matrix of Euclidean distances among
individuals. It is evident from the tree (Figure 4) that in general individuals from a given
subpopulation tend to cluster together, and are therefore more genetically similar than
individuals from different subpopulations.

The cluster analysis of the protein-pattern characters indicate that the Alkanna
population in St. Katherine consists of two major groups, one comprising wadi El-Tofaha
and the other all remaining subpopulations. The second group was subdivided into two
branches: the first branch has two clusters representing wadi El-Sheikh and Abu Seila; and
the second branch has three clusters representing wadi El-Dir, El-Rasis and El-Arbaein. It
is clear from these results that the wadi El-Tofaha subpopulation has the lowest genetic
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diversity of all subpopulations under study since it has the smallest diversity index (0.391)
and its individuals cluster together in a separate group.

DISCUSSION

The present study is a continuation of study began by Willmer et al. (1994) and Gilbert et
al. (1996) who provided a detailed background of morphological variation between
subpopulations of A. orientalis at St. Katherine. It was postulated that because of pollinator
behaviour, gene flow by the pollinator would be highly restricted (Willmer et al. 1994) and
this might bring about genetic divergence among subpopulations. Genetic evidence
suggested that limited gene flow and drift were the main factors that have led to the
evolution of these genetic differences (Wolff et al. 1997), and confirmed that the high
mountain ridges between the wadis at St Katherine make movement by bees across the
ridges unlikely. From the pattern of genetic relationship, seed transport by flash floods,
which occur very regularly in Sinai at the end of winter, seemed to be a more likely cause
of extensive gene flow in the population of A. orientalis at St Katherine. The protein
analysis by SDS- PAGE of mature seeds from A. orientalis reported here also shows that
that these subpopulations located in different wadis are genetically different from each
other.

The analysis of the banding patterns suggest that most gene dispersal is between El-
Sheikh and Abu Seila subpopulations. Gene dispersal is also between wadi El-Dir, El-
Rasis, and El-Arbaein subpopulations. Wadi El-Tofaha subpopulation is the least
genetically diverse (as recorded by Shannon index) and the most genetically different of
the six subpopulations under study (as shown in the cluster analysis), probably reflecting
the fact that plants sampled from wadi El-Tofaha were the most distant from all other
plants sampled, and that wadi El-Tofaha is the most isolated from the other
subpopulations.

The six subpopulations were found to contain different levels of protein diversity
(as measured by Shannon’s index of diversity): the wadi El-Tofaha, Abu Seila, El-Arbaein
and El-Dir contained the smallest diversity, while El-Rasis and El-Sheikh subpopulations
contained the greatest diversity. Geographically, the first four sites are narrow wadi beds
bounded by high mountains, whilst the other two sites are open flat areas and are expected
to be subjected to occasional gene flow via seed transport from the wadi subpopulations.

From the results of both the present and the previous study (Wolff et al. 1997) on
Alkanna populations in St Katherine, the level of inter-population variation differs
according to the degree of polymorphism of the corresponding markers. Both proteins and
RAPDs proved to be polymorphic markers, but the former were more variable and more
able to distinguish among the different subpopulations. Wolff et al. (1997) found that four
subpopulations (“Plain” i.e. El-Rasis, El-Arbaein, El-Dir and El-Tofaha) contained similar
levels of diversity and that the within-subpopulation diversity was greater than among
subpopulations. The results of the present study suggest that subpopulations contain
different levels of genetic diversity, and that the within-subpopulation diversity (0.12) is
smaller than among subpopulations (0.88). This indicates that the protein method was more
able to distinguish among these subpopulations, an idea confirmed by Nieto-Lopez et al.
(2003) working on the genetic diversity in wild Spanish populations of Thinopyrum
junceum and Thinopyrum junceiforme using endosperm proteins and PCR-based markers.

32



El-Akkad & Ali: Alkanna orientalis and seed protein pattern

UPGMA

T13
1 T18
7
T16
Ti5
Ti4
T12
Ti1
T
e El-Tofaha
T8
T7
T6
5
2
— | Ti0
N
T1
SH10.
SH9
SH8
sHe El-Sheikh
SHS5
sH7
SHa
r SH3
[ 1 SH2
L SH1
| RH9
RH8
RH7
RH6 M
Rhe Abu Seila
| RH4
1 RH2
I—|_1 RH3
RH1
r D13
{ b1z
D14
b1s
. bu
1 D10
D9 .
g D8 El-Dir
D7
D6
D5
D4
|—| T D3
D2
D1
r RS7
RS6
I—I—| RSS5
RS4
RS3 1
— res El-Rasis
L RS1
A17
EEEE— | A16
A15
Ala
A13
Al2
A1l8
—|_| A1l
Al0
;| A9 .
| As El-Arbaein
AT
A3
A2
—1 | A6
A5
| A4
Al
[ I I I I I |

Euclidean

Figure 4: Dendogram showing the similarity indices of the populations of Alkanna orientalis in different wadi systems in St Katherine Protectorate.
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